
'\ 
. . I  . 

/ 

'WORLD MAGNETIC 
SURVEY +DATA LJ 

i S. HENDRKKS 
A N 0  

L, 

4 OTS PRICE 

I -  4 

AUGdST I 1963 30.a .d 

" 

GODDARD SPACE FLIGHT CENTER 
v 

--___ . 
GREENBELT, MD. 

- -- 



WORLD MAGNETIC SURVEY DATA 

BY 

S. HENDRICKS 

J. C. CAIN 

A u g u s t ,  1963 

NASA GODDARD S P A C E  F L I G H T  CENTER 

GREENBELT,  MARYLAND 



ABSTRACT 

/I797 
The  d i s t r i b u t i o n s  o f  m a g n e t i c  s u r v e y  i n f o r m a t i o n  a v a i l a b l e  f rom 

a l l  s o u r c e s  s i n c e  1900 i s  a n a l y z e d .  The d a t a  are t a l l i e d  a c c o r d i n g  

t o  t h e  d i s t r i b u t i o n  by area and d e c a d e  and by t h e  component measu red .  

The p o s i t i o n s  o f  o b s e r v a t o r y ,  p o s s i b l e  r e p e a t  s t a t i o n s  and a l l  o t h e r  

d a t a  are mapped on w o r l d  c h a r t s .  The d e f i c i e n c i e s  i n  c o v e r a g e  are 

n o t e d  and recommendat ions f o r  t h e  IQSY are made. &.d&f #&, 



I .  I n t r o d u c t i o n  

T h i s  i s  o n e  o f  a c o n t i n u i n g  series o f  r e p o r t s  p r e p a r e d  t o  assess 

o u r  knowledge of t h e  main  geomagne t i c  f i e l d  o n  t h e  b a s i s  of avai lable  

s u r v e y  d a t a .  The summary g i v e n  here i s  of t h e  t o t a l  d a t a  i n  a r e d u c e d  

d i g i t a l  form ava i l ab le  t o  u s  f o r  d e f i n i n g  b o t h  t h e  f i e l d  and  i t s  s e c u l a r  

change .  

The p u r p o s e  of t h i s  d a t a  c o l l e c t i o n  i s  t o  compute a n  a c c u r a t e  

r e f e r e n c e  f i e l d  f o r  a s s i s t i n g  i n  t h e  a n a l y s i s  of s a t e l l i t e  d a t a .  The 

r e q u i r e m e n t s  f o r  t h e  a c c u r a c y  and d e t a i l  o f  t h i s  f i e l d  are  s u f f i c i e n t l y  

sir irigerit tliat a s u c c e s s i u i  d e i e r m i n a i i o n  s h o u l d  s a t i s f y  m o s t  or' t h e  

n e e d s  o f  t h e  World Magne t i c  S u r v e y .  S i n c e  t h e  s a t e l l i t e  d a t a  are 

b e i n g  o b t a i n e d  c o n t i n u o u s l y  i t  i s  n e c e s s a r y  t o  d e t e r m i n e  p a r a m e t e r s  

t h a t  w i l l  g ive  t h e  f i e l d  a t  a n y  epoch  i n s t e a d  of t h e  p a s t  p r a c t i c e  of 

w o r k i n g  f rom c h a r t s  g i v e n  a t  5 or  10 y e a r  i n t e r v a l s .  C o n s e q u e n t l y ,  a n  

a t t e m p t  i s  b e i n g  made t o  r e l y  on  o r i g i n a l  o b s e r v a t i o n s  r a t h e r  t h a n  t h o s e  

t h a t  h a v e  been  a l r e a d y  c o r r e c t e d  t o  a s t a n d a r d  epoch  by a p p l y i n g  a n  

a p p r o x i m a t e  s e c u l a r  c h a n g e .  S i n c e  s a t e l l i t e s  o p e r a t e  above 200 km 

a l t i t u d e  i t  i s  u n n e c e s s a r y  t o  o b t a i n  s u r f a c e  d a t a  a t  much less  t h a n  

100 km i n t e r v a l s  over t h e  e a r t h ' s  s u r f a c e .  However, t h e  i n i t i a l  

c o l l e c t i o n  i s  b e i n g  made of a l l  ava i lab le  d a t a  w i t h  t h e  i n t e n t  t h a t  

l a t e r  smoo th ing  or s e l e c t i o n  c a n  be e f f e c t e d .  
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11. S o u r c e s  

The main r e s p o n s i b i l i t y  f o r  t h e  c o l l e c t i o n ,  e d i t i n g  and f o r m a t i n g  

of t h e s e  d a t a  o n t o  punched c a r d s  h a s  been  c a r r i e d  o u t  by t h e  Magne t i c  

D i v i s i o n  of t h e  U.  S .  C o a s t  and G e o d e t i c  S u r v e y .  The d a t a  u s e d  i n  t h i s  

r e p o r t  c o m p r i s e s  t h e  punched c a r d  se t  f rom which t h e  U.  S .  1965 World 

Magne t i c  C h a r t s  are t o  b e  c o n s t r u c t e d .  

t h e  y e a r  1900 s i n c e  t h e r e  i s  o n l y  a small q u a n t i t y  of d a t a  p r i o r  t o  t h i s  

c e n t u r y .  The 567 s o u r c e s  of  d a t a  are q u i t e  d i v e r s e  and c a n  o n l y  b e  

c a t e g o r i z e d  a c c o r d i n g  t o  t y p e  w i t h  s p e c i a l  men t ion  o f  o n l y  a few. 

T h e s e  c a t e g o r i e s  are l i s t e d  below w i t h  t h e  c o d e  c l a s s i f i c a t i o n  numbers  

a d o p t e d  by t h e  U.  S .  C o a s t  and G e o d e t i c  S u r v e y :  

The c u t - o f f  d a t e  s e l e c t e d  w a s  

Code 

0 

1 

2 

4 

5 

6 

9 

Type o f  O b s e r v a t i o n s  

O S s e r v a t o r y  

Land ( " F i e l d " )  

Aeromagne t i c  

S h i p b o a r d  

S a t e l l i t e  

S h i p  towed 

Repea t  s t a t i o n s  ( e x a c t  r e o c c u p a t i o n s )  

Most o f  t h e  d a t a  c o v e r a g e  i n  r e c e n t  y e a r s  h a s  a r i s e n  from t h e  ( c o d e  2 )  

a e r o m a g n e t i c  s u r v e y s .  The m a j o r  c o n t r i b u t o r  h a s  been  t h e  "Magnet" 

p r o j e c t  of t h e  U. S .  Naval Oceanograph ic  o f f i c e .  A second  s o u r c e  h a s  

been t h e  o u t s t a n d i n g l y  c o m p l e t e  s u r v e y  o f  Canada b e i n g  c a r r i e d  o u t  by 

t h e  d e p a r t m e n t  of Mines and T e c h n i c a l  S u r v e y s .  The r e d u c t i o n  o f  t h e s e  
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d a t a  t o  punched c a r d s  w a s  e s s e n t i a l l y  c a r r i e d  o u t  by t h e  o r i g i n a t i n g  

o r g a n i z a t i o n .  

o b t a i n e d  i n  p o l a r  r e g i o n s  by t h e  U n i v e r s i t y  o f  W i s c o n s i n  w i t h  t h e i r  t o t a l  

f i e l d  a i r b o r n e  s u r v e y s  and i n  t h e  s o u t h e r n  o c e a n s  by t h e  Columbia U n i v e r s i t y  

s h i p  "Vema"  ( t o t a l  f i e l d  o n l y )  and t h e  U.S.S.R. non-magne t i c  s h i p  "Zarya". 

111. P r o c e s s i n g  of t h e  d a t a  

V a l u a b l e  data i n  " s p a r s e  d a t a "  areas have  been  r e c e n t l y  

B e c a u s e  of t h e  u s e  o f  o r i g i n a l  o b s e r v a t i o n s  p l u s  t h e  f a c t  t h a t  a n  

o v e r l y  high. d e n s i t y  w a s  u n d e s i r a b l e ,  some e d i t i n g  and p r o c e s s i n g  w a s  done  

on t h e  o r i g i n a i  d a t a  se t .  The r e d u c t i o n  i n  d e n s i i y  by seiect ivr i  v v e r  20 

o r  30 km i n t e r v a l s  w a s  done  on some of t h e  a i r b o r n e  d a t a .  T h i s  p r o c e s s i n g  

w a s  done  a t  Goddard S p a c e  F l i g h t  C e n t e r  and t h e  r e s u l t a n t  d a t a  t u r n e d  over 

t o  t h e  U. S. Coast and G e o d e t i c  Survey f o r  i n c o r p o r a t i o n  i n t o  t h e i r  

punched c a r d  f i l e s .  

O t h e r  d e t a i l e d  e d i t i n g  f o r  v a r i o u s  c a t e g o r i e s  o f  d a t a  are as fol lows:  

(1) P r o j e c t  Magnet - S i n c e  t h e  n e a r e s t  t o  o r i g i n a l  o b s e r v a t i o n s  

f o r  t h i s  a i r b o r n e  s u r v e y  a r e  t h e  components  F ( t o t a l  f i e l d ) ,  

D ( d e c l i n a t i o n ) ,  and I ( i n c l i n a t i o n ) ,  t h e  H ( h o r i z o n t a l )  and 

Z ( v e r t i c a l )  d e r i v e d  d a t a  were e l i m i n a t e d .  The d a t a  as o b t a i n -  

e d  from t h e  U . S .  Coast and G e o d e t i c  S u r v e y  c a r d s  d i d  n o t  i n c l u d e  

t h e  t i m e  o f  t h e  o b s e r v a t i o n  on a g i v e n  d a t e .  I n  o r d e r  t o  make 

t h e s e  r e c o r d s  c o m p l e t e  f o r  p o s s i b l e  f u t u r e  u s e ,  t h e  h o u r  and 

m i n u t e  of  e a c h  o b s e r v a t i o n  w a s  merged i n t o  t h e  d a t a  f rom i n -  

f o r m a t i o n  r e c e i v e d  d i r e c t l y  f rom t h e  U. s. Naval Oceanograph ic  

Off ice .  
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( 2 )  Canadian  A i r b o r n e  S u r v e v  - The componen t s  H ,  D and 2 were 

s e l e c t e d  f rom t h e s e  d a t a  as  t h e  o r i g i n a l  o b s e r v a t i o n s .  The 

d a t a  had been  r e d u c e d  t o  s e a  l e v e l  by a d i p o l e  r e l a t i o n  and 

t h e  t i m e  and  a l t i t u d e s  d e l e t e d  f rom t h e  c a r d s .  T h i s  m i s s i n g  

i n f o r m a t i o n  w a s  added  by r e f e r e n c e  t o  a n  o r i g i n a l  c a r d  set  

r e c e i v e d  f rom Canada and t h e  H and Z d a t a  were r e s t o r e d  t o  

f l i g h t  a l t i t u d e .  

( 3 )  Land O b s e r v a t i o n s  - The d a t a  c o n t a i n e d  many o b s e r v a t i o n s  

t h a t  were  l i k e l y  r e d u n d a n t  i n  t h a t  t h e y  were computed f rom 

o t h e r  d a t a  a l r e a d y  i n c l u d e d  i n  t h e  s e t .  F o r  e x a m p l e ,  t h e  

v e r t i c a l  component i s  o f t e n  g i v e n  as an  o b s e r v a t i o n  even  

though i t  w a s  d e r i v e d  from r e a d i n g s  o f  H and  I a l so  a p p e a r i n g .  

Using i n f o r m a t i o n  from t h e  U. S.  Coast and G e o d e t i c  S u r v e y ,  

t h e  v a r i o u s  r e d u n d a n t  i n f o r m a t i o n  w a s  e l i m i n a t e d  f rom a 

s e l e c t i o n  o f  s o u r c e s .  

As ide  from t h e  above  d e t a i l e d  e d i t i n g  by t y p e ,  i t  was a l s o  

n e c e s s a r y  t o  p e r f o r m  a l a r g e  amount o f  p r o c e s s i n g  i n  o r d e r  t o  make 

t h e  o r i g i n a l  punched c a r d  se t  c o m p a t i b l e  w i t h  a s t a n d a r d  f o r m a t  on  

m a g n e t i c  t a p e  f o r  u s e  i n  a n  e l e c t r o n i c  compute r .  

I V .  D i s t r i b u t i o n s  o f  Data 

The  d i s t r i b u t i o n s  o f  a l l . d a t a  c a n  be  r e p r e s e n t e d  i n  many d i f f e r e n t  

ways s i n c e  t h e  d a t a  c a n  b e  g rouped  by e p o c h ,  Component,  p o s i t i o n ,  a l t i t u d e ,  

c o d e ,  e t c . .  R a t h e r  t h a n  making a c o m p r e h e n s i v e  c a t a l o g u e ,  w e  i n s t e a d  

l i s t  and  i l l u s t r a t e  t h e s e  d i s t r i b u t i o n s  i n  a r e l a t i v e l y  small number of 
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ways so as t o  o b t a i n  a more c o n c i s e  p i c t u r e  o f  t h e  n a t u r e  of  t h e  d a t a .  

The p r e s e n t  ( t w o )  d a t a  t a p e s  i n c l u d e  203407 r e c o r d s  f o r  a t o t a l  

o f  450149 o b s e r v a t i o n s  o f  component ( H ,  D ,  I ,  Z) o r  t o t a l  - ; e l d  ( F ) .  

The d i s t r i b u t i o n  o f  t h e  number of o b s e r v a t i o n s  f o r  e a c h  component i n  

b l o c k s  o f  LOo x 10' i n  l a t i t u d e  and l o n g i t u d e  i s  g i v e n  i n  T a b l e s  1 a-e. 

L o n g i t u d e  numbers r e f e r  t o  t h e  e a s t e r n  boundary  of t h e  b l o c k  ( i . e .  t h e  

l o n g i t u d e  b l o c k  l a b e l e d  160 e x t e n d s  from 17OoW t o  160°W 1. 

f rom t h e s e  f i v e  t a b l e s  were combined t o  g i v e  t h e  t o t a l s  which a p p e a r  

i n  T a b i e  i ( f i .  

The v a l u e s  

T a b l e  2 g i v e s  t h e  number o f  o b s e r v a t i o n s  f o r  e a c h  component by 

y e a r .  Due t o  t h e  i n c r e a s e  i n  a c t i v i t y  i n  a i r b o r n e  s u r v e y s ,  t h e  d a t a  

ra te  h a s  jumped by a n  o r d e r  o f  m a g n i t u d e  i n  t h e  p a s t  d e c a d e .  Never-  

t h e l e s s ,  t h e  t o t a l  d a t a  set  i s  s t i l l  p r e d o m i n a n t l y  s u r f a c e  o b s e r v a t i o n s  

as shown by T a b l e  3. The a l t i t u d e s  o f  t h e  a i r b o r n e  d a t a  r a n g e  from 

n e a r  t h e  s u r f a c e  almost t o  8 km w i t h  t h e  most  p o p u l a r  a l t i t u d e  between 

T a b l e  3 

D I H Z F SUM 

S u r f a c e  121 ,873  6 3 , 6 3 8  74 ,651  3 6 , 6 9 4  1 1 , 8 9 1  308 ,747  

A i r b o r n e  39 ,317  3 6 , 3 2 7  10,932 1 1 , 2 1 1  40 ,819  138 ,606  

2 and 3 km. The o n l y  d a t a  f rom a h i g h e r  a l t i t u d e  are t h o s e  2797 

o b s e r v a t i o n s  p r o v i d e d  by t h e  Vanguard 111 s a t e l l i t e  (510-3750  km). 
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V. D e n s i t i e s  o f  Data 

The l a r g e  d i f f e r e n c e  between t h e  amount o f  s u r f a c e  area c o v e r e d  

by a loo s q u a r e  a t  t h e  e q u a t o r  and a similar s q u a r e  i n  p o l a r  r e g i o n s  

made i t  d e s i r a b l e  t o  u s e  a n o t h e r  method f o r  i l l u s t r a t i n g  d i s t r i b u t i o n s .  

The number o f  s q u a r e  k i l o m e t e r s  i n  e a c h  b l o c k  w a s  c a l c u l a t e d  u s i n g  

t h e  fo rmula :  

[sin 8 + A e - s i n  e] 2 A =  2 - R  
360 /A+ 

where  R ( e a r t h ' s  r a d i u s )  w a s  t a k e n  t o  b e  6371.2  km, D a n d d e w e r e  

10 , and 9 was t h e  l a t i t u d e  o f  t h e  s o u t h e r n  boundary  of t h e  b l o c k .  

T h e s e  a r e a s  are l i s t e d  i n  T a b l e  4 .  The v a l u e s  f rom T a b l e  1 ( f )  

0 

( a l l  d a t a  ) are m o d i f i e d  by d i v i d i n g  by A and t h e  r e s u l t s  g i v e n  i n  

T a b l e  5 a  i n  u n i t s  o f  o b s e r v a t i o n s  /10 km . T h u s ,  f o r  a n  e q u a t o r i a l  

b l o c k ,  where o n e  d e g r e e  e q u a l s ,  111 k m ,  a v a l u e  o f  1000 f o r  a loo b l o c k  

5 2  

would r e p r e s e n t  d a t a  p o i n t s  a t  a n  a v e r a g e  o f  a p p r o x i m a t e l y  10 km 

i n t e r v a l s .  I t  c a n  b e  s e e n  from t h e  f i g u r e  t h a t  t h e  d e n s i t y  i n  areas 

n e a r  t h e  magne t i c  p o l e s  compares  f a v o r a b l y  w i t h  t h a t  o v e r  m o s t  o f  t h e  

l a r g e r  land  masses. 

s i n c e  1955. I t  i s  q u i t e  a p p a r e n t  t h a t  i f  t h e  o b j e c t i v e  o f  t h e  World 

Magnet ic  Survey  i s  t o  b e  a p o i n t  d e n s i t y  n e v e r  less t h a n  12 o b s / l O  km 

T a b l e  5 b  g i v e s  similar r e s u l t s  f o r  t h e  p e r i o d  

5 2  

( a  100 km s p a c i n g ) ,  f a r  less t h a n  h a l f  o f  t h e  e a r t h  h a s  been  c o v e r e d  i n  

t h i s  decade .  

A more g r a p h i c  i l l u s t r a t i o n  o f  t h e  d e n s i t y  o f  t h e  d a t a  i s  g i v e n  

i n  F i g u r e s  l a  to  I f .  Here are p l o t t e d  t h e  p o s i t i o n s  o f  t h e  d a t a  f o r  t h e  

p e r i o d s  of y e a r s  i n d i c a t e d .  The o n l y  g r o u p i n g  i s  i n t o  b l o c k s  o f  
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0 . 5  x 0 . 5 O  o f  l a t i t u d e  and  l o n g i t u d e  t o  c o n s e r v e  p l o t t i n g  t i m e .  T h a t  

i s ,  e a c h  such  b l o c k  i s  d o t t e d  o n c e  i f  a n y  o b s e r v a t i o n  f a l l s  w i t h i n  i t .  

One of t h e  most s t r i k i n g  a s p e c t s  of  t h e s e  d a t a  d i s t r i b u t i o n s  i s  t h e  

r e l a t i v e  u n i f o r m i t y  o f  t h e  data  over t h e  o c e a n  areas u p  t o  a b o u t  1930 

and  t h e  almost c o m p l e t e  l a c k  u n t i l  t h e  p r e s e n t  decade. The average 

of d a t a  i n  t h e  A r c t i c  h a s  been  almost n o n - e x i s t e n t  u n t i l  t h e  1935-45 

p e r i o d  and  v e r y  h e t e r o g e n e o u s  s i n c e .  The amount of A n t a r c t i c  d a t a  

h a s  been  s p a r s e  f o r  a l l  p e r i o d s .  The large d e n s i t y  of d a t a  over t h e  

A s i a n  l andmass  i n  t h e  i n t e r v a i  i935-i945 a r i ses  m a i n l y  from a cvmpre- 

h e n s i v e  c o m p i l a t i o n  made i n  t h e  S o v i e t  Union and r e d u c e d  t o  t h e  epoch  

of 1940. 

V I .  S e c u l a r  Change 

The a p p r o a c h  t o  t h e  p rob lem of d e t e r m i n i n g  t h e  s e c u l a r  c h a n g e  h a s  

h i s t o r i c a l l y  been  to  u s e  o b s e r v a t i o n s  a t  a number o f  l a n d - b a s e d  

o b s e r v a t o r i e s  and o t h e r  s e l e c t e d  s i tes .  S u c c e s s i v e  p r e c i s e  o b s e r v a t i o n s  

a t  e x a c t l y  t h e  same l o c a t i o n  have  been c o n s i d e r e d  n e c e s s a r y  s i n c e  t h e  

s m a l l  scale ( f 50 km) i r r e g u l a r  f l u c t u a t i o n s  o f  t h e  f i e l d  o v e r  s h o r t  

d i s t a n c e s  ( 1-500 meters) are o f t e n  l a r g e r  t h a n  t h e  s e c u l a r  c h a n g e s  o v e r  

a p e r i o d  o f  several y e a r s .  The l o c a t i o n s  o f  t h e  m a g n e t i c  o b s e r v a t o r i e s  

f o r  wh ich  d a t a  are a v a i l a b l e  s i n c e  1900 are  p l o t t e d  F i g u r e  2.  The 

names of some of t h e s e  o b s e r v a t o r i e s  are l i s t e d  on t h e  map as al lowable 

f rom t h e  s p a c e  a v a i l a b l e .  

The i d e n t i f i c a t i o n  of a r e p e a t  s t a t i o n  h a s  been  more d i f f i c u l t  

s i n c e  t h e  i n f o r m a t i o n  w a s  n o t  l i s t e d  on  t h e  o r i g i n a l  c a r d s  f o r  any  b u t  
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a small f r a c t i o n  of t h e  s t a t i o n s ,  m a i n l y  t h o s e  i n  t h e  U n i t e d  S t a t e s .  

Thus  t h e  Code 1 d a t a  on  t h e  t a p e s  are t h o u g h t  t o  c o n t a i n  a number of 

r e p e a t  s t a t i o n s .  I n  a n  e f f o r t  t o  se lec t  what  may b e  r e p e a t  s t a t i o n s  

from t h e  d a t a ,  a l i s t  w a s  c o m p i l e d  from Code 1 and  Code 9 d a t a  w i t h  

t h e  c r i t e r i a  t h a t  t h e  l i s t e d  l o c a t i o n  be i d e n t i c a l  f o r  2 o r  more 

o b s e r v a t i o n s  o n e  o r  more y e a r s  a p a r t .  The r e s u l t i n g  l i s t  o f  o b s e r v a t i o n s  

i s  p l o t t e d  i n  F i g u r e  3a. The large d e n s i t y  i n  c e r t a i n  areas h e r e  h a s  

r e s u l t e d  i n  t h e  f a c t  t h a t  most o f  t h e  o b s e r v a t i o n s  are l i s t e d  t o  o n l y  

t h e  n e a r e s t  m i n u t e  o f  l a t i t u d e  and l o n g i t u d e .  T h u s ,  any  p o i n t  w i t h i n  

a d i s t a n c e  of t h e  o r d e r  o f  a k i l o m e t e r  i s  d o t t e d  as a r e p e a t  s t a t i o n .  

The f i g u r e  o b v i o u s l y  c o n t a i n s  a s i z e a b l e  f a c t o r  of p o i n t s  beyond t h e  

number of a c t u a l  s t a t i o n s .  I t  does however ,  i n d i c a t e  t h e  areas 

d e v o i d  of such  s t a t i o n s .  F i g u r e  3 b  w a s  p r e p a r e d  by i m p o s i n g  t h e  

a d d i t i o n a l  c r i t e r i a  t h a t  t h e  l as t  o b s e r v a t i o n  be l a t e r  t h a n  1930 and  

t h a t  t h e  t o t a l  o b s e r v a t i o n s  b e  3 o r  more. T h i s  f i g u r e  i s  t h o u g h t  t o  

be more r e p r e s e n t a t i v e  o f  t h e  a c t u a l  d i s t r i b u t i o n s  o f  t h e s e  s t a t i o n s .  

V I I .  Recommendations 

R e f e r r i n g  t o  T a b l e s  5 b  and  F i g u r e s  1 ,  t h e  need  f o r  d a t a  coverage 

d u r i n g  t h e  p r e s e n t  d e c a d e  becomes q u i t e  c lear .  To meet t h e  minimum 

c r i t e r i a  of a 100 km s p a c i n g ,  i t  i s  n e c e s s a r y  f o r  t h e  p o i n t  d e n s i t i e s  

i n  t h e  b l o c k s  of T a b l e  5 b  t o  exceed  12  o b s /  10 km . I t  would seem 

r e a s o n a b l e  t h e n  t o  assess t h e s e  " s p a r s e  areas" w i t h  p r i o r i t i e s  based  

on  t h e  p r e s e n t  d e n s i t y  and r e c e n t n e s s  o f  p a s t  o b s e r v a t i o n s .  The major 

e f f o r t s  of t h e  WHS s h o u l d  t h e n  b e  made i n  t h e s e  areas.  

5 2  
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I t  i s  hoped t h a t  t h i s  document may be h e l p f u l  n o t  o n l y  i n  d i r e c t i n g  

t h e  n e e d s  f o r  a d d i t i o n a l  s u r v e y s ,  b u t  also i n  b r i n g i n g  f o r t h  d a t a  t a k e n  

b u t  n o t  g e n e r a l l y  a v a i l a b l e .  
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